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^fau*i^-ti4t& 'it it ^ m n ^ & ' # m a 
^-m^t&mia. m t£ fai -it it ^ *j ^ & • 

>£. SOC(System-On-Chip,& & a B H # a ° 0 t ' #*tW 
^t&4fc*43fc B a a t ' SOC 

±4j H * % it 90% o ifij T t& i f f ' SOC b b b >} f # # % 
m % $L4l$&s&j&-& ' S ifc ' l-*tt?.taitl # 
(access port) 6*j £ 4 t& -It It H # it! *. ° ifcb ' £ *fc l& -It 

jgltl^t^HsiU * «%*as * ffl B a a >} 
n 4l w ^ t m m • ® ifcb ' 1a ^ £ ^ e -it it #j t £ n fa 

' Bfl # Ft S. # A JL iS. it & ^ j»I Att^^lS 'It 

fl t ^ > aA^f lP^li^t^#^/Uj^ • it & % - 

^ An »#^f*fc#J%ie,«ft^|Sl^?l:» £ # l£ 'It It 

- ^ft&fr m. it • *^r*^is]^i|-*^^#-(ici5]-)te 1 
•it B B a i& ' # ^*&«tt^-¥-^4&'ifttt^^«**-L*^ 

* - m # • a & a £p # & * 4 ta -it it # tL -it b b b * * ^ A 

# * b b b J3& # # fo * $ ^ & m sl & & m # ) » a ' £ 

ft & ft HP #J ^ Is] 4- ^_ 4fc 7G '& 4L Fal ^ ^ 7t & % M. *L 



• Sib ' *7&fh£^te*lttt#*<{ft>*lafcJfe ' #- * # 
^£^#£^fc1*ltttjW**3r>fc#«L* ' Zero-One 

- Checkerboard - GALPAT - Walking 1/0 - Sliding 
Diagonal - Butterfly ifo March ^ £ ^ # $ » & t X a 
March fc#&J&&tefc£;*tt«f*afcfe#.#te#|- • ffij JL 
March ****f#l&'Itftt^^I^«fr««S (fault model) 
J^^Tit A MATS+ - Marching 1/0 - MATS++ - March X - 
March C+/C- - March A - March Y JSl March B % : ,% % & • 
J-X March C-Jt#^^^J • & £<] f£ s£ & { J(wa) ; 

|(ra, wb) ; |(rb,wa) ; | (ra, wb) ; |(rb,wa) ; J(ra) } » 
£ t ' a=0 & 1 ' b= a • | ^ * *J t£ #J it ;>I # * _L #l 

t & * t _t t ' « | ^ * *j # 44 it m % A & t a 

-t ' An Kf- 3i | ^ * n #) 4Sl At m % * _L T ' J. #• - # 
3& ( ) £ - m m ft ( test el ement ) ° #■ - t£ it t & 
a(ra) - ft b(wb) - tft b(rb) - ft a(wa) # «J t£ £& ft tfj 

h b b te(^ia -it -fit At ) <j& t £ /& - »J J?, it t (ft fft % m % ft 

& ' ■* 1& ft T - »J * 7t • *> £ - ffl flf Tit . m «. £ 4 1& 
'It It 1 * *T * 4H # 4- PORT A jfr PORT B ' # it # #J *» 
f(ra, wb) *| 1* it > § #J - m. ft * A ' 4* 3? — ffl #t 

' & PORT A it PORT B fl? # yfc * # - *& 'It & 
•It -fit At )flfc r a #o wb tfjmtX.lbft ' & * ' ^IH^^f > 
, * PORT A A PORT B it & «■ m * «. 'It- b b s A ( * «, 'It to At )#Jc 



f(ra, wb) %>]i% ° Sitb »:Jto£~ffl&£.= ffi#r7F: ' ^ t& 
PORT A A PORT B ^ >ft *>] & & jB'J > 0 & t * t - 
PORT fh ft . # — PORT ?p ^ ft ft ' a St # — m ^%ft 
(ra A wb)# * f - in ftl 1* i$ jfc & #J > flf ' N & 

ia 'it «t p# ?>J #j & tL & > i'j * tf & a # # & $j t* ^ * 

m & » &xm rj )* ion ° fl6jL*^^j%te*tt^«- 

# # £ <a 'It tt # £. * ^ *. m A i te. -It ^ H & n to ' 5- 

sfcj*#**s#.*&tf3*Hf ' m it m « sf pai a * ^ ^ > m. i 

[ # ft & ] 

a ,tb ' 3l ' ^ *j « £ 4 *& <it ft ^ ^ n 4 

^ ' ffij it f.J # £fc 18 £1 jB'J t£ PJJ 4L £ 4 15 'It tt *J « * • 

^ A ' *. # w £ * % a 'It it ^ *l * & » t* £ 4 1 & <it 4ft 
M- % %L $k # ^ A # f* # # flsL af - # 4l *c * & -It a a a Jfe > 

is $i ^ & ^ 5. ^ - m n % 7t - m m 1 > 

^ O - * | O ^ % 1 #^J^t&^6fj5.^*t4L-.J.^^J^, 

# 7t #> # * « # # ?t 4 ^ # #■ - f & 'It a B a J!fe ^ 4t ^ ^ ^ 

»j « t& ^ ' # ^ ' *ssw«^-*jife^T?!i^-ji* : t n m 
n^7t&-&&$tmntbftz$ - mnt&ftfrfa&m # 

ra jtt s ^ fsj - 1 & -it b b b jfe it & & fa ^mn^jft • # *t > it $ »j 

##t#s*&£4%te.4t«#j »J fig 4l # - 
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' # i^tz>\&m.z-mn ir >£ • m £ & ul -it it 

' t£ i£ 3- * & ^ 5. 4> - »| **, jf- 7t ' ttam^Tcfe^i^ 
- «»j t& ft > itfciwt**^##*t*##^^te##m# 

& ^ T ?'J # 4* • * t£ m it & & it m « ^ b£ > j& It 

-fSt iih ^ m ^ JD6. t #J * 15] B^ Jft ft [5] - t& -It tiL kk it # ^ & 

$fr ft • H itb it f J * Jfc. «£ 9B. $ ^ it 'It ft &} m ^ 
*t *h > ^fa^f^t^l - , ft $Ki&ft£ ft 

^ an « • tt£*ia*ft*#*it#*#JiT#t*$#3i 4 

# ^ ^ & it «a -It a a H 3fr ».-i*€JBi«^,a^J.^ — *] t£ ^ 7t > 

««jt*j?-7t&^t» i - sp o * it o - i # am s& # # j. 
t £ 'it & j& it *r & ^ s»j % ft ' # #j a ' t* t j® m £ Jt 

& ^ T n # « • # « »J * & & $L it *>J 1* *& -ft u£ . ft tjE 
% mtZfh ft >Jk&i£ % » Ji^t^##^^-^-t& -It 

a a a Jfe ^ J*J t£ m t * IS) W ft *h I?! - t& 'It a a a J& it *f ^ & ^ 

^ ^ . ^t^^tsig^lA . ft u&fr'Z tL 'It It 

^ «i ^ » ts^^te'it«**^tit#^i^iL-sr^tk##^i$. 

# 3*- 4i it 12, *lt a B a 3fe ' ^tl§i^&,il^' *j ^ 7t ' 

a « # it & ^ 1* 1-3* 0 > If 0 * % 1 # xR.J k fhftftS. 



ta -it a a a j& it # m & ^ ^ »j t*-t& ^ • ' t* f: J3§ a si n 

& ^ T f*\ $r m> : t « *J # to & ^ & *t £>j t£ tfr # Bf ' H* t* 
f ai^U^^^^^f ' i£ t£ 4 -Ifc 

b h b Ife #'J f * flfc t ¥} ^ I s ! 8^ ft f f m - f z 'It a a B J& it a" ^ ^ 

»'] %K%ft ° 
fid ^ - 

£ Qui -It tt ^ *1 fcl ^ a 

_h it March C- £ * £ #'J ' « «. #| flr ig. 4L # ft j*J 3~ * «: 
- fcb & • J. # a/1 ^ ftj 2r #f #J 

PORT A ifo PORT B ^£i£S&'|fc*(*°£-H#f5F) 

• fil ' TO ^Jt^ 7tf(ra, wb) Jj,#] • t n ff\ # tL -It b h b 
( * fa 'It to Ah k - k+1 - k+2 - ••• )ita- t(ra, wb) $J t£ . 

* b/3 # 4$-«t -fe ^ : £ E9 ffl #f ^ ' t J*l * ft t #J 

n ft % %l & Bf . bp # « # sii t& # i§ <# a* & m # # 

> 0 tft ' ft| # 7t f(ra, wb) t jg>J I £ ft (ra, wb) #. ^ & 

PORT A(t# ra)& PORT B(#i# wb) • Jt$t PORT A 
PORT B ^ - fa -It b b b J3fe ( fa 'It -fit*h)4LiR!l^B^jfe elk * # ^ 
is) b^ jft . *f l§I - la 'It bb J3fe (fa 'It Ml Ah K - k+1 - k+2 - ••• )it 

4t * ^ m n$hft > ^ 5p ( Jg) . ^ 2$ ^ ^ is) - %>} n, &t 
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* m & ' ^ m n m & w £ tec ' J. a^- 

tcc^l/2tcyc(»WB^J3^3t*i) ° Slfcb ' #*-Li^^'Jt^^r^ ' 

March C->* £ * {^(wa) ; f(ra, wb) ; f(rb, wa) ; 
|(ra, wb) ; |(rb, wa) ; J(ra) } & £ & T ^ : 

{$(wa) ; t<S§> ; t(wa) ; |(5B) ; |(SS> ; $<ra)> . * 

t ' (wa) PORT A %l PORT B £. 

n-^nt^nw^n fnm-tz'm rb a wa 

(jtb — t # # -I sequence f o Id i ng( # # ^ & #f 
) ) • ft ifcb > *T # fcl Bf W 31 # & * >» * # ION m %l % 
6N(N % VL -It ft #| #1 to to *t ) • 

# 4i $j ^ it »r it - m m m i^^m ° *» ^ i n #r 

7F ' « Extended March C->£ # ^ £ fc| > 4i||^^7 : 
{£(wa) ;^(ra, wb) ;^(rb, wa) ; ^(ra, wb, rb) ; j,(rb, wa, ra) ; 
|(ra)} 

1t ft 4 M *fc a) #**-*4ia*fttttti& » * *. - £ 

4- te 'It ft j£ « £ 4 *fc flit L^^fe^f^tli 'It iJb J& (te. 
-It to At ) it -ft »J t£ # 4£ ;5L b£ > £ ^jj t£ # b£ M & ft 35t & 
12N(N A IE, 'It IS # -iSt it *t) - floftS'Jf ^i'*tf # 
3* 4 PORT A A PORT B # £ 4 -|ft ft ' &Mft 
*J t^^r ^—sequence f o 1 di ng( # ?'J # ^ & ffi ) b^ » Bp j$ 
m t*. 7t t &,i^lft±^ ftj t* l $&#i&'£^a&&-#Jfr 4 
PORT A A PORT B > ^ |SJ - >|>] Bf jfe t ft ft - *& 'It B a a 
J&(f£'lt toJat)^ Bf ijt^f jMS #mtM^ ' ^lio . W^^^-Jt^ 
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# — IE. 'It a a a Ife (la •|fc4fc*k)$*»fc'ili 3*1 t£ Bf J8H. 6<j J^- fC 

|(ra ) wb)^^^Jt^^-tE J '(t B B B^(ta'lt^* 1 t)#t 1 4@J»mnffl&Bp 

12N 1^^ 8N- ' « 

-5 # J% PORT A~C . m ffl ^ # ^ *| ^ * —sequence 

foiding(^ n # > it-r^ jm@ i*i t& # # 

>>J it ' -kp |(ra, wb, rb) t^l^Tt 8*] t* tfr ^ JfL 

4® # 3ft J%" PORT A~C • ll'J*»^5?tH^f7F4L#?tJ% PORT 
A~C # 8U # > U&%-tmffi7F*-fc&i$- PORT A~C 

io # i$j!&/sff5F ' #4* & *| « - -f® fa-It B a B J3fe(ia-it -fit*t)* # 

m m i$,B$Wktf} m # it I (ra, wb, rb) ft # *>J t* - fa 'It B a B J3fe ( fi 

▼ ra 

*fe^*h)^* 1 ^B«!|«BfJlfeRpT^^4L«!l^jP-7C l( wb ) 

T rb 

j£ port a~c ra - m ^ jjg. t » ra - fa •% a a B j& it # »j 

ra 

( wb ) - n ffib it - # ai f£af ^ (sf ^)& 8N ^ 

rb 

15 II 6N - ffij X ' io $ ^ ■> -fc ffl #f- 7F ' 4^ ffr B ^ iftj t£ y5r ^ 
lit & * >J ***&#4LKJ;R.;fr — Bf ffl £ t cc > J. i= /fl§ ft} f£ 

^^iit^ w t #^)-# a-j Bf m.m.m t cyc 

o 

* ' *n£,V~H-^.ffi#f7F ' & * * a £ £ **■ fa 'It A 4^ 
20 »J f£;T:*#J$~*&#:f t $fe#'J o ^ ^ ^ i # ^ ^ - 
port scheduling(^ #*JL;*)&#H£ • IT ft > # & tft Bfl 
' port scheduling #L#f^L — «#£it't-££M£^& 
t #J *1 n * 7G & # 4- la -It «t 4- m ft 4 • a it *I ^ I # 
« A 3HI fig ii .4* * # ^ ^ ^ ffi ^ # @ ^ lr ^ • ^ — m 
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> fc^nm^* — & 4t#*fl**)*#;* • * m « -fit »j 

- A % it PORT A JSl PORT B^^J3Me,tt«ft6dm*rt^» 
^ ' & # #T * SAF(stuck-at fault) - TF( trans i t ion 
fault) - SOF(stuck-open fault) - DRF(data retention 
fault)** CF(coupling fault)#^J& • J. t£ % & #3 £r 
*p $>j t£ J£ it £ ;& -=- # aj t * H 4& ( d d& 1 ~ g. j& 3 ) , ^@ 
II ^ l~3^-#^f5]^^^^t^ » 1 £f # t& -It 
P£*l#«- ' 2 £.*f-*f;t > 3 ^^n^-A^- 

*l m & $ nk-ft 4* $j ° * t ' *» n a ffl m ' A^p 

^ #j jftl t& ^ # & M & PORT A #i # ' J. # PORT B St M 
.PORT A #J?s. m - toJat . -&^^E. PORT A * $& # Bf # 
' 'PORT A ft S - t£ 'It a B a Jlfe ( 'It to it ) iiMf 

t*Bf . & PORT B fj- J&tg b b b J&Ct&'lttoit)*! *P #J 
tL 'It b b b J3fe ( f & 'It to kt ) it 4f j*J i% ' SI itb > % & & 1® m # 
W & 24N(N £ tL 'It tt P# ?'J # to to «t ) • is. A ' * % 

A| ti^T^ & 2*n£d!fc 3 t ' * ^ £'J -f- 

it^iit l t^*J**Jp-7b$a.»aAi'ittA port 
scheduling(^-#a. * ) • Iff * /V ffl ^ % & & £ $ ~ + 

- ffl it ft - i% $ &d#t^#f »>fflHfc2J*S*fc3i&*# 

l t ' -fcj*ma*.***#*fr3LT ' jB5 -fb T j& 

• it X jff *J b£ ft ( Bf ft & ) # 24N ikg & J. ION 

• ft J. & $ PORT B # $L ffl ^ 0 ^"^ ' *^jtb-##a^ 

« 0 * ^ ^ ^- - j*i « ^ ^ it ^ t e - 

*J ^ ^ ' ® itb ' *° # + - ffl #f 5F • — #^.^ite «!l 
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n it t #1 m n % & af - % - # ^ V, ^ n m £ ^ & > 

aj.tS, 2r ---sequence f olding( ?<J # ^ $t % ) ' # S f M. 
i& port schedul ing( 4#S*)ife#3&4Lj3(f^*ife^T 
sequence folding ( ^ ?'J # ) > Jfr ^(rOwl )£. |(rlwO) 
#J ft*4(w?)A j(wl) ' &tit PORT A ^ PORT B ^ fsj - b^M. 

tnm -i&'it aifest#(5?)ACji)«!i^ > ^ n it - ^ j& # 

»J W * 1 ON «& £a £ 8N • 

jfc *h ' tffc 4f- - & fit * > *3rWjH*l&4fclt4L s*J t£ 2r >k 

&mm^^$L^$ift£ 4 <s -it it sal «4LtJ8ia^ • 

0iflf#J|4L March * ^ * • .&*t*.tfc ' £ to £ &m # tg 
t & '*t*|t**fr#4Lai£:>fc . tt -ko MSCAN A 

Butter f ly # * ^^nilif %fl) ^ ^ *. «g 
£s & $>J t£ Bf fal - 

«$ _t m - ^#B^±.#^^-iN-^^.ie, -it tt ^ *>j ^ & 
ra — "te * b b b ( te, 'it to it & jgj ^ $.j . # ^ # 

#g £ 4- te. 'It tt ^ *] , ^ £ ^ !&4fttt4L#9i.i*# 

f >J ffl ^ it m s 3l s ' *$. 5f it $»J «■ B £ ^ § m • 

Ife « jfcb BL ^ ^ # W it fa ^ IE m ' Bp A /L m & # 8^ f ff j|l ^.j 
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Urn m ♦ n ffi # #j #^^^b^## • t 

* - B * - ^ ta * H ^-flt « * # * * * ■ : 

sb ife (ti -it #l it *j ^ & m # n ; 

^Uf*>-*a!t ^ l£ 'It flt ^ * 4- *J « *£ 'It a a H Jfe 
(t& 'It -fit it )4L *| >T Sfc #f # Hi ; 

#J ' * t II - m ^ J& it $ t ' - £ I& 'It ft* 4L 

g [5] 1$ $j f£ tt -|t B s a 3fe («& 'It #L At )4L ^ ffl ; 

- £'J J9&. t 4- * * 4 A X ML IS) Bf n n - t& 'It a S a J& ( 

t&'lt^At)it#^J t^^^m^fb f 4lj»h*b£ tb«t#* ; 

£:*BiK^.=.^te'lfc **###■**■ PORT A~C »j ft 

#4rffl«^=.i**&4ftft*4L#9ti$- PORT A~C # a£ ]|& 4l 
Pal #J B^ m Ml ' 

% /v bi ~ $ -t- - m m Mum - m m % & & m. port 

scheduling^ #5£*)^*&4#i&3& ! A 

^+-^-ffilll^^H--ffl^>t*^ *J *< it & & 4k- 
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1. — 4ft it:SLj*|t*3r$fc ' « £ *£t&4ft It 

^^^-^J^^-TL ' ^^m^-TC, &^tf 1 - * 0 * 1 1 0 ^ % 

It j»] 3r ^ it & ^ T ?'J J§$ : 

a& t # i^J .ife is] — t e, -it B a B nt m. ft # ^ *J t* ^ 

2.4fc t If * *»J IS S $ 1 3* #r i£ £ * it 'Ift *t ^ * 3" * - £ t ' 
« # i« i% % ft W * # - b^F JVJ M. ' J- t£ # RJ J: & f o >f 

& is an Mia^ ° 

3. «. t tf * *'J |g B $ 1 #r it £ i£ ia 'It tt *| t* * > * t « 

«J^^r*fe^^L*fc.«j«*7b ' JL i* March >* 

4-t^^!£ 'It It -3L *| 3" * . iS^J%te-IftA*^r^t*t#*. 

#j-xjL-5r^^##^##^-^^.^tfe.'it^it ' ts *] 2r * 

&&M_>J? - U, f. 7G ' «*J^J^7tfe^5.^ — *| # » . 

jL^^ji^-^7t##*^##^^.^^ «■ #t # ia 'It iit it ft 

#t*iWt**jfc&*&&am$&'fti$ ' W tt # *l lb 4£ 
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5.^ t *'J j& ffi $ 4* flf- it £ 4- OL 'It It ^ Sty «, , £. t t* 



#«J«t&^^W**-l^ Fell: > JL^^Bf « H: * ifi 

6. «. t If * fij-jfe A # 4^1 flf it £ 4. f5 -|t ft 4L A| « ^ , *L t f* 

7. ^ t if 4- &m%4m ft it # 4 -it it 4l *j « ^- ^ . & t & 

m &^^.*t«m^-7L ' JLt*#^ March?* 

8. - & € fl£ m ^ a. ' ffl«t#H 'It tt ^ m i% > i% £ 

la -It it * * & it # %l A »r ^ # # # ^ *t tL -it 

B a a ^fe ' € IS a 5$, & 5. i> - fc'J %K -f- 7t ' f£ « 4 7t & ^ 
** 1 - « 0 - tf 0 - * l"f »«ft^«4^*ti-: ' J.«- 

j^t* » ^^^t^^ : 

t£ t m m & & ^ t ?»j ^ : 
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a*fc^«.*t«|«J^* ' J-tt March*** 

11.— ^^jBs^aa ' m uikft % ^tt-mm.^mn 

» -ft *t ' *««^^,fe^5.^-3H^*7t v««!i«*7te.. 
^■5. ^ - a>j # > jl « *j jp. it # n * m $ ft & j$ 

n% mm. si & ■ 

t m ft & & *t «i t» # af . ^ ^ ^.j ^ ^ 

3- tfc # # *L : 1$. • f& <it -fit *L ^ « 

si. t ^ jsj Bf ft n - 1& 'it & it e ^ m nmft 

o 

« tfr # 4L W * # - Bf «1 - J. |£ $ Bf ffl £ & ^ i§ f £ *j 

# to & ^ 4l £'J K t& ^ & If 1 * to - ftO - t 1 # fh ft #) J. ^ 

* t ^— • 

6.**. Tfc • JL**«1*J|Lfc£* March*** 

19 



4fc it 



1 



PORT A 
"1 



— — PORT B 



1 



i A 



!M4 



elk- 
PORT A, 

PORT B- 

















/ \ 


/ \ 


i \ 


/ \ 


/ \ 






< ra > 










— -) 









V wb ; 


<^ wb y 





















elk- 



PORT A 
(PORT B) 



< "» X "> 'X rz 'yc^T 7 ^ X 



wb 



elk A 
PORT A 

elk B 
PORT B 



tec 



i(wb)M<«b)j 



tcc-^ 



\i_r~v 



tcc-t^ 



wb 
tec- 



y v 



-o 

o w >- 



I P3 



cr po 



03 cr 



•1 ^ *-i 
cr cr pd 



^ ^ 
03 cr 



I I 2 



C73 



• • • • 

i n 



cr 03 



03 cr 



cr p 

I ^ 
' cr 



P P - 
I pa 



oo 



P 

cr 



cr 



P 

as 
cr 

cr 



cr 

? 

03 



»1 
03 



x 

CD 

P- 
CD 



03 
■1 
O 

:r 

o 

i 

-3 

CD 
m 



4fr M. 

3 j£ 



PORT A 

PORT B 
PORT C 



tcc-k 



^-j-tcc 



#LJaLK+l 



/wbV 

— <zd 



j 



3tcc<tcyc 



elk of PORT A 



elk of PORT B 



elk of PORT C 




